used as conditioning regimen before autologous transplantation in chemo-refractory CLL.
Together these results provide a rationale to explore the efficacy and mechanism of action of platinum-based regimens in this patient category. A drawback of regimens containing platinum-based compounds is the rather substantial risk of hematological toxicity, especially in patients with already compromised hematopoiesis because of the disease. Therefore, the potential benefit of alternative regimens like the combination of high-dose methylprednisolone and rituximab, which showed considerable activity (an overall response rate of 93%) in a small study in a similar patient group, and the newer targeted compounds (reviewed by Tsimberidou and Keating 7 ), should be explored unabatedly.
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The authors declare no conflict of interest. 1 Keating MJ, Flinn I, Jain V, Binet JL, Hillmen P, Byrd J et al. NUP98 is a promiscuous gene involved in chromosomal aberrations with more than 20 different partner genes in a variety of human hematological malignancies. 1,2 These rearrangements all lead to the expression of hybrid proteins that start with the amino-terminal moiety of NUP98. This amino-terminal domain contains multiple copies of a glycine-leucine-phenylalanine-glycine core motif, known to recruit the CBP/p300 acetyltransferases. 3 Evidence from overexpressions studies in mouse bone marrow (BM) progenitors indicates that the NUP98-fusion proteins induce leukemic transformation through the upregulation of Hoxa genes and the Hox cofactor Meis1. Expression of Hoxa, most frequently Hoxa7, Hoxa9 and Hoxa10 is postulated to induce a self-renewal stem cell-like program that likely contributes to the leukemic process. 4, 5 High mobility group (HMG) proteins are non-histone chromatin-associated proteins that bind to DNA with limited or no sequence specificity. Among them, HMGB proteins are important architectural facilitators of nucleosome remodelling and possibly of transcription factor's interaction with DNA (for a review, see Travers 6 ). The expression of the murine Hmgb3 gene is tightly regulated during hematopoiesis and is required in early steps of hematopoietic stem cell development in which it regulates cell-fate decisions. It is expressed in common myeloid and lymphoid progenitors (CMP and CLP) and except in the erythroid cells, it must be downregulated for the proper differentiation of both lineages to take place. 7, 8 Hmgb3 RNA has recently been found to be part of an embryonic stem cell-like transcription signature that was defined in mouse models of mixed-lineage leukemia (MLL)-mediated leukemic transformation and was also reported to be transiently upregulated during myeloid differentiation. 9 We earlier reported the involvement of NUP98 in t(X;11)(q28;p15) in a 73-year-old woman with therapy-related acute myeloblastic leukemia (AML) with M4 subtype. 1 Fluorescence in situ hybridization experiments performed on metaphasic chromosome of the blast cells permitted the mapping of the translocation breakpoint on Xq28 in which only the HMGB3 gene had the correct transcription orientation (telomere to Letters to the Editor centromere) that would allow an in-frame fusion to NUP98 (assuming a simple translocation event). Reverse transcriptase-PCR using primers located within NUP98 and HMGB3 exons showed the presence of NUP98-HMGB3 fusion transcript from patient's material and not from control complementary DNA (cDNA) (Figure 1a ). Nucleotide sequence analyses of the fragment revealed an in-frame fusion of the exon 11 of NUP98 to the exon 2 of HMGB3 (Figure 1b) . No reciprocal HMGB3-NUP98 transcript could be detected (not show). The NUP98-HMGB3 predicted protein is composed of the first 422 amino acids of NUP98 fused to the entire HMGB3 coding sequence, (Figure 1b) . Indeed, in the normal HMGB3 transcript, the first coding ATG codon is located in exon 2 after a short untranslated sequence. In the fusion transcript, these nucleotides accommodate a continuous reading frame from exon 11 of NUP98 through HMGB3.
To establish the transforming properties of the NUP98-HMGB3 fusion, murine primary BM hematopoietic progenitors were transduced with a retroviral vector murine stem cell virus (MSCV) co-expressing the NUP98-HMGB3 fusion cDNA and the green fluorescent protein (GFP), a MSCV-NUP98-HOXA9 used as a reference or the empty MSCV alone as negative control. Viral supernatants were obtained as described. 10 Transduced cells were split in two and one-half was seeded in methylcellulose medium for serial replating assays. We observed that NUP98-HMGB3-transduced progenitors formed moderate numbers of colonies (90% GFP þ ) until but not beyond the third round of replating (not shown). Cells transduced with NUP98-HOXA9 grew beyond five replating, whereas for empty vector-transduced cells, no colony was observed after the second replating. This indicates that NUP98-HMGB3 is a weak oncogene in vitro. The other half Letters to the Editor of NUP98-HMGB3-transduced cells was engrafted into sublethally irradiated mice. Mice transplanted with progenitors transduced with the empty MSCV (n ¼ 3) remained free of hematological disease up to 12 months after transplantation. Mice engrafted with progenitors transduced with the NUP98-HOXA9 fusion developed a myeloproliferative disease (MPD) that progressed to AML with long latency (n ¼ 2; median 250 days) consistent with previous reports 11 (not shown). Mice that received NUP98-HMGB3-transduced cells (n ¼ 6) rapidly died with a median survival of 112 days (range, 60-140 days) (Figure 1c) . They developed hyperleucocytosis, anemia with mucous paleness and dyspnea, thrombopenia and splenomegaly (Figure 1d) . Femurs of NUP98-HMGB3 mice were conspicuously discolored reflecting a block in terminal erythropoiesis, as confirmed by fluorescence-activated cell sorting (FACS) quantitative analyses performed on BM erythroid progenitors (not shown). BM smears from femurs showed cytological abnormalities that affected immature and mature myeloid cells, suggesting a MPD-like leukemia according to the Bethesda classification 12 ( Figure 1e ). In agreement, when compared with control mice, FACS analysis of NUP98-HMGB3 hematopoietic organs showed an increased number of GFP þ Gr1 þ CD11b þ mature myeloid cells into the peripheral blood (PB), spleen and BM of sick mice (Figure 2a) .
BM progenitor populations were analyzed by FACS (Figure 2b ). The Lin
þ FcgRII/III high subset, corresponding to the granulocyte-macrophage progenitors, 13 was markedly expanded in the BM of NUP98-HMGB3 mice compared with control mice. In contrast, the common myeloid progenitors (CMP) and megakaryocyte-erythroid progenitors (MEPs) populations were virtually absent (Figure 2b) indicating that NUP98-HMGB3 expression is associated with preferential expansion of the myelo-monocytic lineages, as observed in several mouse models of MLL-induced leukemias.
14 The malignant nature of NUP98-HMGB3-induced hemopathy was further established by engraftment of primary MPD cells into secondary recipients. All engrafted mice developed an MPDlike leukemia of similar immunophenotype (not shown) with shorter latency than the primary disease (median survival time of 80 days) (Figure 1c ). Taken together, these results show that NUP98-HMGB3 acts as an oncogene responsible for a rapid and transplantable MPD-like leukemia in recipient mice, which is associated with defects in the differentiation of myelo-monocytic cells.
Mouse models developed to analyze the oncogenic activity of MLL and NUP98 fusions showed the overexpression of Hoxa9 and Meis1 in blast cells; 4, 5, [15] [16] [17] [18] in addition, Hoxa9 and Meis1 overexpression was associated with the emergence but not the maintenance of MLL leukemic stem cells. 9 We thus measured the expression levels of genes of the Hoxa cluster as well as the genes encoding for the HOX cofactors Meis1, Pbx1 and Pbx3 in BM cells from primary and secondary NUP98-HMGB3 recipients. We compared these values to NUP98-HOXA9 leukemic mice. Relative to NUP98-HOXA9, NUP98-HMGB3 BM cells showed much weaker expression (approximately 10-to 90-fold) of Hoxa5, Hoxa7 and Hoxa9 (Figure 2c ). In contrast, roughly similar transcription of Hoxa10 was observed in all samples, whereas Meis1 expression was detected only in NUP98-HOXA9 leukemic cells and Pbx3 transcripts levels were similarly upregulated in both leukemia models compared with control. As NUP98-HMGB3-expressing blast cells upregulate Hoxa9 only weakly and retain wild-type levels of Meis1, we infer that transformation mediated by the fusion does not involve deregulated activity of the canonical Hoxa-Meis1 pathway. These results suggest that several transformation pathways might be involved in the leukemogenic properties of NUP98 fusions. This would be consistent with recent work in mice. Indeed, co-expression of the Hmgb3 Myb, and Cbx5 genes is sufficient to induce HoxA/Meis1-independent immortalization of mouse myeloid progenitors, pointing to a critical role for these genes in the leukemic process. 9 Thus, we suggest that the ectopic expression of HMGB3, as a result of the fusion with NUP98, can bypass the requirement of a concomitant Hoxa9 and Meis1 misregulation in human AML. To our knowledge, this is the first report of a genetic alteration of an HMGB gene in human hematological malignancies. It is also the first example of a NUP98 leukemogenic fusion whose expression is not associated with a strong Hoxa and concomitant Meis1 expression. Together, the data indicate that further investigations of HMGB3-related leukemia may facilitate the analysis of conserved 'terminal' mechanisms of AML uncoupled from upstream events.
